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. (1) Hai | comgpetes with turbul ence as the greatest thunderstormhazard to
aircraft. Sogsicodbksdl drops above the freezing |evel begin to freeze. Once a
deop has frozen, other drops latch on and freeze to it, so the hailstone
grows--sonetines into a huge ieeballl. Large hail occurs with severe thunderstorns
witAsétomgy updrafts that have built to great heights. Eventually, the hailstones
fall, possibly sane distance frem the stormcore. Hail may b encountered in clear
air several mles Eran dark thunderstorm clouds.

(2) As hailstones fall through air whose tenperature is above 6%,
they begin to nelt and precipitation may reach the ground as either hail or rain.
Rain at the surface does not mean the absence of hail aloft. You should anticipate
possible hail with any thunderstorm especially beneath the anvil of a large
cumullerivinss. Hai | stones [arger than one-half inch in dianeter can significantly
danage an aircraft in a few seconds.

£. owd Ceiling and Visibility. CGenerally, visibility is near zero within a
thundersformcloud.  Cerling and visibility also may be restricted in precipitation
and dust between the cloud base and the ground. The restrictions create the sane
problemas all ceiling and visibility restrictions; but the hazards are increased
many fol d WHeh associated with the other thunderstorm hazards of turbul ence, hail,
and | i ght ni ng whi ch make precision insstusit f|ying virtually i npossible.
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Effect on Altineters. Pressure usually falls rapidly with the approach of a
thungerstorm then rises sharply with the onset of the first gust and arrival of the
col d dewndraift and heavy rai n showers, falling back to normal as the storm nmoves on.
This cycle of pressure change may occur in 15 mnutes. [|f the pilot does not
receive a corrected altimeter setting, the altineter may be more than 100 feet in

error.

h. Lightning. A lightning strike can puncture the skin of an aircraft and can
QW echnunications and el ect roni ¢ navigstiaedl equipmenit. Li ght ni ng has been
sus[)_ cted of igniting fuel wvamors causing explosion;, however, serious accidents due
to lightning strikes are extremely rare. Nearby |ightning can blird the pil ot
tehdetding hi mmomenitamilly wredd¥e t 0 navi gat e ei t her ki nstrument or Iy vi sual
reference. Nearby lightiriing can al so i nduce permanent errors in the magnetic
coppase. Lightniing di schar ges, even distant ones} candi srupt radi o eomum et ions
on ['ow and meddum frequencies. ‘wugh |ightning intensity and frequency have no
sinple relationship to other storm paremeitssss, severe storns, as a rule, have a
high frequency of Iightning.

i. Ensiine At er Incgesit .

(1)) Turbine engines have a limt on the amount of water they can ingest.
Updrafts are present in marry thunderstorns, particularly those in the devel oping
stages. |f the updraft velocity in the thunderstorm approaches or exceeds the
termnal velocity of the falling raindrops, very high concentrations of water may
occur. It is possible that these concentrations can be in excess of the quantity
of water turbine engines are designed to ingest. Therefore, severe thunderstorns
may contain areas of high water concentration @hizh could result in flameoutt and/ or
structural failure of one or more engines.

(2) At the present tinme, there is no knowm operational procedure that can
cdmpleebly el i minate the possibility of engi ne damage/Ellameouit duri ng massi ve wat er
ingestion. Althoughthe exaet mechaniswaif t hese wat er-induced engine stal | s has
not been determned, it is felt that thrust changes may have an adverse effect on
engine stall mrgins in the presence of massive water ingestion.

~ (3)) Avoi dance of severe stamn systems is the only neasure assured to be
effective in preventing exposuretothistype of nhltiple engi ne damege!/flasevit.
Dur i n?( an unavoi dabl e encounter with severe stornms with extreme precipitation, the
best known regromeeiiistion i S to fol | ow the severe turbul ence penetration procedure
contained in the appweedl airplane flight manual with special enphasis on avoiding
thrust changes unl ess exeessiive ai r speed variations occur.
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6. WEATHER RADAR.

a. Wather radar detects droplets of precipitation size. Strength of the
radar return (echo) depends on drop size and number. The greater the nunber of
drops, the stronger is the echo, and the larger the drops, the stronger is the
echo. Drop size determnes echo intensity to a nuch fqreater extent than does drop
number.  Hailstones usually are coessi wth a filmof water and, therefore, act as
huge water droplets giving the strongest of all echoes.

b. Numerous net hods have been used in an attenpt to categorize the intensity
of a thunderstorm b standardize thunderstorm |anguage between weather radar
operat&is and pilots, the use of Video Integrator Processor (VIP) levels is being

c. The National Weather Service (N&B) radar observer is able to objectively
determne stormintensity levels with VIP equipneiit. These radar echointensity
levels are on a scale of one to six. |f the maxinumVIP Levels are 1 %@eak™ and 2
%datate,” then |ight to noderate turbulence is possible with lightning. VIP
Level 3 is %txomg™ an@ severe turbulence i s possible with [ightni ng. VIP Level 4
is "very strong" and severe turbulence is likely with [ightning. VIP Level 5 is
"intense" with severe turbulence, |ightning, hail likely, and organized surface
wind gusts. VIP Level 6 is "extwee" with severe turbulence, lightning, large
hail, extensive surface wind gusts, and turbul ence.

d. Thimdlerstoens bui | d and dissiipate rapi dly. Therefore, do not attenpt to
plan a course between echoes. The best use of ground radar information is to
Isolate general areas and coverage of echoes. You nust avoid individual storms
fram in-flight observations either by visual sighting or by airborne radar. |t is
better to avoid the whole thunderstormarea than to detour around individual storms

unl ess they are scattered.

e. Arborne weather avoidance radar is, as its name inplies, for avoiding
sever e weather—-nait f or penetratingit. \Wether to fly into an area of radar
echoes dependson echo intensity, spacing between the echoes, and the capabilities
of you and your aircraft. Renenber that weather radar detects only precipitation
drops; it does not detect turbulence. Therefore, the radar scope provides no
assurance of awcoidling turbul ence. The radar scope al so does not provide assurance
of avoi di ng instpuinent edatretr fromcl ouds and fog. Your scope nmay be cl ear
between intense echoes; this clear area does not necessarily mean you can fly
between the sitorms and naintain visual sighting of them

f. &oenber that while hail always gives a radar echo, it may fall several
fiillesffrm t he nearest visible cloud and hazardous turbul ence may extend to as mmdh
as 20 miles fram the echo edge. Avoid intense or extreme |evel echoes by at |east
20 mles; that is, such e&ees shoul d be separated by at [east 40 mi|es before you
fly between them Wth wadketr ethos you can reduce the distance by which you avoid
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7. Do" SANDDUYNT eEFOF EraiiERS T8lM FLYI NG

a. Above all, renenber this: never regard any thunderstorm |ightly? even
when radar observers report the echoes areof |ight intensity. Avoidi n?
thunderstorns is the best policy. Ebllowiing are sane do's and don"ts o
t hunder st orm avoi dance:

(1) Don't land or takeoff in the face of an approaching thunderstorm
A sudden gust front of lew |evel turbulence could causel 0SS of owhtwdl.

(2) Don't attenpt to fly under a thunderstormeven if you can see
(tjhroutgh to the other side. 'Tarthilence and wind shear under the stormcoul d be
i sastrous.

(3) boiPte fly without airborne radar into a cloud mass contai ning
scattered enbedded thunderstorns. Scattered thunderstorns not enbedded usual l'y can
be visually circumavi gat ed.

(4) Don't trust the visual appearance to be a reliable ihdieator of
the turbllemee i nside a thunderstorm

(5) Do avoid by at |east 20 niles amy thunderstormidentified as
severe or giving an intense radar echo. This is especially true under the anvil of

al ar ge eumullemimiiss.

(6) Do circumavigate the entire area if the area has 6/10 thunder-
stotm cover age.

(7)) Do remenber t hat vivid and frequent |ightning indicates the
probability of a severe thunderstorm

(8) Do regurd as extrenel y hazar dous any thuridessomr mith tags
35,000 feet or higher &eétret the topis visually sighted or determned by radar.

Db, 1f you cannot avoid penetrating a thunderstorm following are sag do's
BEFORE entetriing t he st orm

(1) Tii;ht en your safety belt, put on your shoulder harness if you have
one, and secure all|Xmese obj ects.

o ~ (2) Plan and hol d your coutse to take you through the stormin a
m ni mum tine.

(3) Tmavoi d the most critical icing, establish a penetration altitude
bel ow t he freezing Lewell or above the level of -15C¢.

. ~ (4) \Verify that pitet heat is on and turn on carburetor heat or jet
engine anti-ice. lcing can be rapid at any altitude andcause al most instantaneous
poser failure and/or |oss of airspeed indication,
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nés» Establish pewet settings for turbul ence penetration airspeed
recunmended i n your aircraft manual .

. (6) Turn up cockpit |ights to highest intensity to |essen tenporary
bl i ndness Eram| i ght ni ng.

(7) 1f using autematiie pilot, disengage altitude hol d ide and speed hol d
mode. The autematiie altitude and speed contrells will increase maneuvers of the
aircraft thus increasing structural stress.

~ (8) If using airborne radar, tilt the antenna up and down occasionally.
- This will permt you to déteet ot her thunderstormhebivity at al titudes other than
t he one bei ng Elawn.

c. Follow ng are some do's and don'ts during the thunderstormpenetration:

(1) D6 keep yout eg@s on your instruments. Loaking out si de the cadgiit
can increase danger of tenporary blindness £rom |ightning.

(2)) Bon'te change pamer settings, maintain settings for the reeommehdel
turbul ence penetration airspeed.

(3) Do mai ntain/constant attitude;| et the airewdfit "ride t he waves. "
Maneuvers in trying to maintai n constanttlaltittiie i ncrease stress on the aircraft.

(4) Don't turn back once you are in the thunderstorm A straight oounsse

through the stormmat |ikely will get you out of the hazards most quidkly. |n
addition, tumming maneuvers increase stress on the aircraft.

%// // Z%%Z/z zrrd
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